Abstract: Present study was aimed to explore the influence of top down factors on ecological attributes of Commiphora wightii collected from seven districts of arid and semi arid parts of the Rajasthan. Ecological variables in respect of 46 accessions of this species were quantified. To assess the explanatory factors governing quantified ecological variables, soil samples were collected to analyze soil texture, soil EC, pH, available potassium, available phosphorus and total soil nitrogen. Results showed that there was a specific relationship between soil variables and occurence of C. wightii. The mid ranges of potassium (200-300 kg/ha) emerged as favourable to have better density and health of C. wightii: This is the first report on regulatory role of potassium on distribution and occurrence of C. wightii.
INTRODUCTION
It is largely agreed that differences in the distribution and abundance of plant species in any environment are an indication of the variation in soil properties (Graham et al., 2005; Engler and Guisan, 2009 ). Conversely, a knowledge of soil properties across sites of occurrence also helps in deciding package of practices for reintroduction of species like C. wightii which is considered threatened now (Kumar and Purohit, 2015) . In previous studies soil physico chemical parameters related to plant communities in the Indian desert were studied by Kumar and Shankar, 1988; Kumar and Shankar, 1982; Kumar, 1996 and Singh et al., 2012 . These studies identified varying soil proprieties like organic matter, clay, silt and salinity which influence the distribution or zonation of vegetation; as well as tree size, vegetation cover, tree density and proportion of mesophanerophytes as vegetation components that influenced soil nutrients. Distribution of individual species on the basis of soil physicochemical parameters has also been studied in respect of Pedalium murex and Peganum harmala (Chauhan, 2004) . Mathur (2012) also carried out similar studies in Corchorus depressus, Blepharis sindica and Tribulus terrestris. In a recent study, Lal (2013) correlated soil texture, moisture content, pH, EC, OC, available phosphorus and nitrogen in soil with the C. wightii presence only at four sites, Kailana hill, Machia Park Jodhpur; Akal fossil park , Jaisalmer and Kiradu temple in Barmer which is inadequate. Hence the present study was conducted to identify the soil factors viz. soil texture, soil EC, pH, available potassium, available phosphorus and ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org total soil nitrogen governing population dynamics of C. wightii across various rainfall zones of the habitats of the Indian arid and semi-arid region.
MATERIALS AND METHODS
Study area : The study was carried out in Rajasthan state of India. We assessed guggal (C. wightii) from the year 2009 to 2012 in 35 expeditions in twenty districts of Rajasthan and located guggul in 11 districts (Table1). Of this, soil samples were collected from its sites of occurrence in seven districts (Jaisalmer, Barmer, Jalore, Pali, Jodhpur, Ajmer and Rajsamand (Fig.1) . Field sampling : The presence of C. wightii was recorded at 46 different sites located in 7 different districts. Ecological sampling was carried out through quadrate (10 x 10 m) method (Ludwig and Reynolds, 1988) . Community variables like diversity (Shannon and Weaver index, evenness) and relative importance value of C. wightii were quantified by following standard methodologies (Ludwig and Reynolds, 1988) . Soil analysis : Soil samples were collected upto 30 cm depth. Sieved soil samples were used for analysis of physical and chemical parameters. The water-soil suspension (5:1) was used to measure EC (Systronic Conductivity Meter-304) and pH (Systronic Digital pH Meter-802) at room temperature. Organic carbon was estimated by modified Walkley and Black's method (Jackson, 1973) . Available potassium was estimated following Jackson (1973) method. Total soil nitrogen was estimated by alkaline permanganate method (Subbiah and Asija, 1965) . Available phosphorus estimation was based on the development of molybdenum blue colour as described by Allen et al. (1976) .
Principal component analysis and synthesis of data:
Principal component analysis (PCA) was employed as data reduction technique in which dominance of C. wightii (RIV) in plant community was plotted with soil and some community parameters. These factors included, organic carbon, nitrogen, phosphorus, pH, electrical conductivity, Relative Importance Value (RIV) of C. wightii, Shannon and Weaver Index (H') and evenness. The interpretation of the PCA diagram was carried out as follows: when two variables are far from the center, then if they are: close to each other, they are significantly positively correlated (r close to 1); if they are orthogonal, they are not correlated (r close to 0); if they are on opposite side of the center, then they are significantly negatively correlated (r close to -1). Squared cosines were used to link the variable with the corresponding axis and the greater the squared cosine, the greater the link with the corresponding axis. However, in order to determine basic soil, diversity (vegetation) and plant metabolites variables sustaining these interrelationships, the concept of component defining variables (CDV) which stipulates the selection and subsequent naming of variables with the highest component loading (correlation coefficient) as variables that provide the best relationships (Iwara et al., 2011; Mathur, 2012) was employed.
RESULTS AND DISCUSSION
Physical and chemical properties of soil : Physical and chemical parameters of soil of sites of occurrence of C. wightii are shown in Tables 2 and 3 . Of the seven districts of occurrence of C. wightii, five had predominantly coarse (20-45%) and gravelly soil texture (Table 2 ). In two districts it has less of coarse particles i.e. Jaisalmer and Jodhpur (4.16-6.68%). The pH of the soil ranged between 7.24 to 7.58 in areas receiving high rainfall (>500 mm) while it was 8.13 to 8.47 in areas receiving low rainfall (200-300 mm) in the districts of Jaisalmer, Barmer and Jodhpur (Table 2 ). It also shows that soils having neutral reaction, i.e. neither acidity nor sodicity/salinity are preferred by it. This is also evident by low electrical conductivity at all the sites and the highest being 0.66 ds/m 2 at Rajsamand. Same trend was found in case of % organic carbon. Mean potassium was ranged between 254.24 to 472 kg/ha (Table 3) . Maximum potassium was found in Barmer district (472 kg/ha) and minimum in Jodhpur district (238.94 kg/ha) ( Table 3) . Sites of Jodhpur district showed lowest phosphorus content (5.6 kg/ha) while highest was in Pali (26.88 kg/ha) followed by Barmer (26.04 kg/ha). Nitrogen content was low in sandy soil sites i.e. in Barmer and Jaisalmer (9.79, 9.88 kg/ha), while those in high rainfall and hilly region had more of N (Table 3) . Maximum nitrogen was in sites of Rajsamand district (31.41 kg/ha). District wise summary of dominance, evenness and diversity of C. wightii: The mean RIV of C. wightii ranged from 9.32-17.39 (Table 4) , though at protected sites its RIV was as high as 35 under protection e.g. at Devikot Mataji Temple, Jaisalmer and Kukda in Rajsamand. Species diversity as indicated by Shannon and Weavar index varied from 1.65 -1.99 for both protected and unprotected sites. This indicated that the diversity of sites having C. wightii was similar across habitats in various districts irrespective of its status of protection though compositionally the species at protected and unprotected sites were different. This also was the conclusion reached in an earlier study of C. wightii in Jamnagar, Gujarat (Kumar and Mathur, 2014) . Evenness of vegetation varied from 0.86 -0.99 which only showed that dominance was more evenly distributed among different species at the sites of its occurrence (Table 4) . PCA result on soil parameters : PCA was performed on data of soil samples from seven (7) districts in order to identify critical soil factors that control distribution and population of C. wightii. In Jodhpur district there were only three sites of soil collection which had created bias due to which soil data of Jodhpur was omitted from PCA. Component loadings (correlation coefficients) and the variances (eigenvalues) for the various soil parameters were computed. As shown in Tables 5 and 6, the first axis of PCA is the most important to explain variance across all the soil parameters. The percentage of eigenvalue for the first two components is >50 throughout six districts. District wise results are given below. Ajmer district : Out of 10 different variables, seven variables were significant (Table 5) loading and 36.31% total variance in soil data set (Table 5 ). However pH (0.77), per cent OC (-0.75) and Shannon H (0.86) were plotted on component F2 where it accounted for 2.47 eigenvalue loading and 24.68% variance. Component F3 and component F4 had one soil parameters each and these axes accounted for 15.03% and 12.85% total explanation of community dynamics and soil data ( viz., percent coarse particles, EC, percent OC, K kg/ha, P kg/ha showed positive correlation while other variables showed negative correlation (Table 5) .
Barmer district : Out of 10 different variables, eight variables were significant (Table 5 ). On component F1 soil properties like pH (-0.84), EC (0.97), per cent OC (0.71), K kg/ha (0.86), P kg/ha (0.97) and RIV C. wightii (-0.84) were plotted and were accounted for 5.63 eigenvalue loading and 56.39% total variance in soil data set (Table 5 ). However on component F2 evenness (0.84) was heavily loaded which accounted for 2.70 eigenvalue loading and 27.05% variance. Percent coarse particles (0.84) were loaded on component F3 with eigenvalue 1.12 with 11.26% variance (Fig. 2b) . There was no loading on component F4. Percent coarse particles, EC, per cent OC, K kg/ha, P kg/ha and N kg/ha showed positive correlation while other variables showed negative correlation (Table 5) . Jaisalmer district : Cumulative percentage for first four components accounted 83.26% variability in the data set (Table 5 ) with their individual contribution being 37.28%, 17.74%, 15.29% and 12.95% respectively. It has been found that out of 10 different variables three were significant. Among soil parameters, pH (-0.77) and K kg/ha (0.96) were well linked with F1 component while percent OC was well linked with F2 component (Fig. 2c) . No variable linked with F3 and F4 component. pH and Shannon and Weaver showed negative correlation while other variables showed positive correlations (Table 5) . Jalore district: It has been found that all 10 variables out of 10 were significant. K kg/ha (0.89), P kg/ha (0.84), Shannon H (0.87), Evenness (-0.87) and RIV C. Total  604  47  21  39  29   Table 1 . Guggul (C. wightii) collection sites in study area. (Table 6 ). On Component F2 percent OC, N kg/ha (Fig. 2f) and RIV of C. wightii were loaded heavily with eigenvalue 2.96. Percent coarse particles (0.71) and Shannon and Weaver (0.79) were correlated with component F3 with eigenvalue 1.76 accounting 17.60% variability in data set. Only one variable N kg/ha was loaded on component F4 with 8.85 % variability. Among 10 variables pH showed negative correlation (Table 6) . As per PCA, F1 axis explains maximum variability followed by F2, F3 and F4. The trends of significant eigenvalues in these axes (F1-F4) in respect of different soil variables which are detailed in tables 5 and 6 are synthesized in table 7. Of all the variables, amount of potassium emerged as correlated in maximum number i.e., six districts with F1 axis. This is followed by F1 axis with respect to P (kg/ha) in five districts. Likewise pH, EC and RIV of C. wightii each in four districts were explained by F1 axis. The F2 axis in four districts was maximum related to percent OC. In all remaining situations, different variables were explained in one or two districts, either F1 or F2 or F3 or F4 level axis. Thus amount of potassium in soil emerged as most important regulatory factor determining perhaps distribution of C. wightii.
PCA is a fact-finding tool that reduces measurement problems, such as bias, and complexity of correlated data, as it extracts only variables that have significant contributions among a set of variables or principal components which account for most of the variance in the observed variables (Johnson and Wichern, 2002; Krefts et al., 2010) . A comparison of all parameters (soil and vegetation) in all six districts revealed that potassium emerged as the most dominating regulatory factor as it significantly correlated with F1 components in all the six districts (Table 5) followed by phosphorus in five districts. Surprisingly, Nitrogen was not an important regulatory factor, as it loaded on F3 and F4 axis in soils from only three districts i.e. Pali, Jalore and Rajsamand (Table 6 ), all receiving rainfall of over 400 mm, while EC and pH have dominantly influencing role in districts in both high and low rainfall areas. Hence, it was thought appropriate to examine the dynamics of C. wightii population density vis-à-vis potassium content at different sites. Since data of soils included all sites (protected and unprotected sites), the dominant soil parameters affecting occurrence of C. wightii will have a combined expression of effects of soil and anthropogenic (protection) status. In order to preclude anthropogenic impacts on soil and consequently on plant distribution, soil data of only protected sites were selected for un-R. N. Kulloli et al. / J. Appl. & Nat. Sci. 8 (3): 1556 -1564 (2016 derstanding this relationship. Further in order to maintain climatic similarities of habitats, only protected sites of Jaisalmer and Barmer were considered. Analysis of soils from habitats of occurrence of C. wightii in Jaisalmer and Barmer revealed that potassium is the most important controlling factor. Relating potassium (kg/ha) with RIV of C. wightii showed clear trends: decline in potassium content as the RIV decreases confirming that higher amount of K favors more of C. wightii (Fig. 3) , as K is one of the major nutrient elements required and also taken up in large amounts by plants, beside N and P (Yogaratnam and Weerasuriyan, 1984) . Plants cannot achieve maximum growth and yield without K, nor can the functions that K performs be fully carried out by another substituting element (Samarappuli et al., 1993) . It emerged that K could be therefore a potential regulator in occurrence and dominance of C. wightii. This fact was further examined by comparison between potassium quantity and number of C. wightii plants per tenth ha. It showed that at higher potassium content the number of C. wightii plants per tenth ha was very less. As potassium quantity declines moderately then number of C. wightii plants per tenth ha increases (Fig. 4) . Examing graphically, it emerged that 200 to 300 kg/ha potassium quantity seemed to be favouring maximum number of C. wightii plants per tenth ha. The similar trend was found in case of height and canopy of C. wightii plant. As quantity of potassium declined across sites, vigor of C. wightii plant in terms of height and canopy increases (Figs. 5 and 6), which confirmed results of Samarappuli et al. (1993) and Uddin et al. (2013) . Samarappuli et al. (1993) et al., 2008) . In fact amongst all variables of environment studied in the present work, K content has a most dominating regulatory role. Potassium plays a vital role in plant growth and metabolism, although it is not a constituent of any known plant components (Read et al., 2006) . As an enzyme activator, potassium has been implicated in over 60 enzymatic reactions, which are involved in many processes in the plant such as photosynthesis, respiration, carbohydrate metabolism, translocation and protein synthesis (Dong et al., 2004; Pettigrew, 2008) . Potassium also plays an important role in the maintenance of osmotic potential and water uptake (Oosterhuis, 2001) . In arid and semiarid regions, the relation between species distribution and potassium gradient has been reported by Chahouki et al. (2008) . In the present study also, results of PCA showed that C. wightii has strong relationship with potassium. Distribution of Artemisia sieberi in Egypt is controlled by potassium (Jafari et al., 2004) . Apart from induction of physiological responses, the variations in mineral nutrient availability often evoke some alterations in root architecture. In barley and many other plants, low potassium supply resulted in a reduction of total lateral root length (Drew, 1975) . The observed pattern of morphological responses may also be associated with the high mobility of K in the plant body (Hodge, 2004) . Similar to barley (Drew, 1975) , potassium deficiencies arrested lateral root development in Arabidopsis (Shin and Schachtman, 2004; Armengaud et al., 2004) . Physiologically, increased levels of ethylene may be responsible for the inhibition of lateral root development observed in the K+ starved plants. Reduced potassium availability triggered agravitropic root growth in the plants. This reaction to the low K+ status may be important for mineral acquisition in soils where K+ distribution is heterogeneous (Ashley et al., 2006) . If development of lateral roots is inhibited by K+ deficiency, then C. wightii being a shrub which would only be producing a lot of lateral roots is expected to perform poorly in K deficient soil because of lack/paucity of lateral roots. If this is so, then the height and canopy should be less in K+ deficient soils. However our results are different: canopy cover and height of C. wightii are lesser at both very low and very high K+ contents (Fig. 6 ). This shows that mid ranges of K+ seems to have favourable impact on plant vigour. While this would need an experimental confirmation by designing growth experiment in a separate study which is out of scope of the present work, yet suffice it to say that while selecting sites for in-situ conservation of C. wightii, care should be taken to select such sites which have K+ in the range of 200-300 kg/ha i.e., neither deficient nor very high as both situations seemingly disfavor its growth development, establishment and consequently occurrence and distribution pattern.
Conclusion
The study concluded that principal component analysis (PCA) effectively brought correlation of different parameters of soil with its occurrence. Of these, the mid ranges of potassium (200-300 kg/ha) emerged as favourable to have better density and health of C. wightii: This is the first report on regulatory role of potassium on distribution and occurrence of C. wightii.
